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The physiological importance of the jelly secreted by the oviducts of amphibia 
has become increasingly apparent in recent years, especially so with regard to the 
process of fertilization (Good and Daniel, 1943; Bernstein, 1952; Kambara, 1953; 
Nadamitsu, 1953, 1957; Tchou-Su and Wang Yu-Lan, 1956; Hughes, 1957). 
Previous work in this laboratory seems to show that the jelly is somehow involved 
in the normal blockage of meiosis in the eggs of Triturus viridescens (Humphries, 
1955, 1958, and unpublished) ; thus for our work, it had become almost essential to 
know more of the nature of the oviducal secretions and something of the parts of 
the oviduct which were actively involved. 

The oviducts of Triturus viridescens, as well as those of other urodele am- 
phibians, exhibit a gross and histological differentiation into rather well-defined 
regions (Adams, 1940, 1950; von Wahlert, 1953). Adams (1940) described six 
regions: (1) the infundibular region, (2) a transparent region with a watery 
secretion, (3) an opaque region with eosinophilic granules, (4) a transparent, wider 
section, similar to section 2, (5) an opaque, chalky-white region, similar to section 3, 
and (6) a straight vaginal section with fewer folds and fewer secretory cells, which 
leads to the cloaca. The first three lie anterior to the kidney, the remaining three 
lie parallel to the kidney. For our purpose, however, it seemed desirable to designate 
the divisions of the oviduct somewhat differently, as follows: an infundibular, or 
ostial region, apparently non-secreting, at the extreme anterior end; a region A, just 
posterior, of gray color, ending abruptly in a white, or B region, of about the same 
diameter, which gradually decreases in diameter and whiteness until it passes into 
region C, a division of small diameter and gray color. Region D begins abruptly 
as a much wider section of dull white coloration, and region E as a division with 
about the same diameter as D, but with a brighter white color. The posterior part 
of E is narrower and less convoluted than its anterior portion. Our region A 
seenis to correspond to region 2 of Adams, B and C to her region 3, D to her 
region 4, and E apparently includes regions 5 and 6. 

In view of the striking regional zonation of the oviduct and what is known of 
the chemistry of amphibian egg jelly, it appeared that an investigation of the poly- 
saccharide histochemistry of the secretory portions might provide useful information. 


MATERIALS AND METHODS 


All animals were collected in April from the vicinity of Franklin, North Caro- 
lina, and maintained in a refrigerator at about 12° C. until used. Oviducts were, 
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in general, taken from animals which had been treated with one or two injections 
of Antuitrin S (Parke, Davis) to induce ovulation, but several animals were taken 
directly from the refrigerator and immediately sacrificed without treatment. No 
differences between the oviducts of treated and untreated animals were observed. 
In either case, the oviducts were in the normal condition for animals in the breeding 
season. Oviducts were, in one instance, taken from an animal which had coni- 
pleted her breeding activity, and in this animal the oviducts were considerably 
smaller in diameter and less convoluted than in females in breeding condition. The 
results presented here represent studies of the oviducts of thirteen animals, though 
not all of these were used for all procedures. 

Periodic Acid-Schiff Method: Portions of the oviduct were fixed in Bouin's 
fixative, 10% formalin, or Carnoy’s fixative, embedded in Tissuemat, and sectioned 
at 10 microns. The PAS procedure was carried through on both untreated sec- 
tions and sections treated with saliva or malt diastase for removal of glycogen. 

Toluidine blue: Fixation was im Bouin's fixative, 10° formalin, Carnoy s 
fluid, or in 4% basic lead acetate followed by formalin. Sections were stained for 
ten minutes in a 0.03% solution of toluidine blue O in a citrate buffer at pH 3.8, 
after which they were dehydrated in alcohol, cleared in xylene, and mounted in 
Clarite or Canada balsam. 

Alcian blue: Fixation was in Carnoy’s fluid or 10% formalin. Most of the 
staining was done with Alcian Blue SGA 300, kindly supplied by Arnold, Hoffman 
and Company, Providence, Rhode Island. However, several slides from each 
region were stained with alcian blue obtained from the Hartman Leddon Company. 
For our purposes the dye from the former source was considerably superior, since 
it appeared to have a greater differential specificity for the several regions of tlie 
oviduct. Sections were stained for twenty minutes in a 0.3% solution of the dye 
ie Go acetic acid (pill 2a. ta) 2.6), 

Hyaluronidase: Nearly all the tests with hyaluronidase involved material from 
region A only. Testicular hyaluronidase, assayed at approximately 300 U. 5S. P. 
units per mg., was obtained from Nutritional Biochemicals Corporation. Sections 
were treated in solutions of enzyme in 0.3% NaCl at pH 5.7 or in a phosphate 
buffer at pH 6.7, at 37° C. Several concentrations and periods of treatment were 
used, ranging up to 60 U.S. P. units per ml. for as long as eighteen hours. Stain- 
ing was done with toluidine blue, as described above. Controls consisted of 
alternate sections placed in comparable solutions of boiled enzyme and in enzyme- 
free solutions. 

Ribonuclease: Ribonuclease (Worthington) was used in a 0.1% solution at 
pH 5.9. Sections (chiefly from region A) were treated for periods of one hour or 
six hours at 37° C. Following treatment, sections were stained for ten minutes in 
toluidine blue, as described above, in 1% pyronin Y in aqueous solution at pH 
3.4, or in 1% pyronin Y in a phosphate buffer at pH 6.7. 


OBSERVATIONS 


All the descriptions to follow refer to the secretory epithelium alone. In general, 
regions A, B, and D showed reactions in common while regions C and E responded 
differently but like each other. 
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The entire secretory portion of the oviduct stained intensely with the PAS 
technique. The ostial region, which presumably is relatively non-secretory, and 1s 
characterized by very low epithelium, stained pink. The A region stained a bright 
purplish red, whereas regions B, C, D, and E stained a distinctly different shade 
which might be called reddish purple. The staining of all portions remained un- 
changed after treatment with saliva or malt diastase. 

There was a marked difference in the response of the several regions to 
toluidine blue. The staining of the ostial region was orthochromatic. Region A 
showed violet to purple metachromasia in all cases. This region in the one post- 
breeding animal also showed metachromasia after all fixatives; however, the color 
produced in lead acetate-fixed material was chiefly blue. The metachromasia of 
region A is alcohol-fast. After destaining for periods up to one and one-half hours 
in 70% alcohol, the major part of the stain was removed, yet the violet meta- 
chromasia persisted. Region B usually stained an orthochromatic dark blue, but 
in some cases strong tinges of purple were seen. There was, however, no difficulty 
in distinguishing between regions A and B following this stain. Sections from 
region C showed little or no cytoplasmic stain, and that which was present was 
usually a very light blue. Ina few cases there were traces of metachromasia. The 
staining reaction of region C, then, was a striking contrast to that of either A or B. 
Preparations from region D were variable in their response to toluidine blue, but, 
for the most part, the cytoplasm stained a pale blue, and nearly all preparations 
showed at least some violet metachromasia. The cytoplasm in cells of region E 
stained a pale blue, with no trace of metachromasia. 

The reaction of the several regions to alcian blue was also varied. The cyto- 
plasm of the secretory cells of region A stained a bright sky blue, as did that of 
region B. The cells of region C, however, stained only lightly. In many cases the 
stain in this region was so light as to be only barely detectable. The cytoplasm of 
the cells of region D stained sky blue, similar to the reaction of regions A and B, 
while that of region E was extremely lightly stained, similar to the reaction of the 
cell oi recon 

Although only one slide from each region was used, it may be worthwhile to 
mention that results with Hale’s technique were essentially the same as those with 
alcian blue, but gave promise of less clear differentiation between the regions. 

Treatment with hyaluronidase failed to alter the strong violet metachromasia of 
region A, or, in the few tests run, the staining reactions of regions B, C, or D. 
Similarly, treatment with ribonuclease failed to alter the staining reaction of the 
cytoplasm of the cells of either region A or region B. No other regions were tested. 


Discussion: 


These results show the secreting epithelium of the newt oviduct to be rich in 
polysaccharide, apparently distributed qualitatively among the several regions. ‘The 
histochemical differences follow the zonation which is anatomically demonstrable. 
It is clear that the epithelium contains polysaccharide other than glycogen, since the 
PAS reaction of all regions remains unchanged after glycogen digestion. The 
PAS technique allows but little differentiation between the regions, however, since 
region A is the only one which stains in a fashion distinctly different from the 
others. 
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A striking parallelism between metachromatic staining with toluidine blue and a 
positive reaction with alcian blue has been previously shown (Vialli, 1951; Wagner 
and Shapiro, 1957). This finding was clearly borne out in our material. Un- 
fortunately, the metachromatic staining reaction has had a long history of confusion 
as to application and interpretation, but “true” metachromasia, in the sense of Lison 
(1953) or Kramer and Windrum (1955), generally is taken to indicate the presence 
of sulphated mucopolysaccharides, though nucleoprotein has also been reported to 
stain metachromatically at times (Wiame, 1946; Penney and Balfour, 1949; Kramer 
and Windrum, 1955). The occurrence of alcohol-resistant beta (violet) meta- 
chromasia, such as encountered in our material, is strong presumptive evidence of 
nucleoprotein, according to Kramer and Windrum (1955). However, we found no 
change in staining reaction with toluidine blue or with pyronine following treatment 
with ribonuclease. Results of several workers (especially Vialli, 1951; Lison, 
1954; Mowry, 1956; and Wagner and Shapiro, 1957) indicate that alcian blue 
positivity 1s good evidence for the presence of acidic carbohydrates. Combining the 
evidence, then, the distinctive staining reactions of region A, in particular, and 
probably those of regions B and D, would seem most likely attributable to the 
presence of acid polysaccharide. The results with hyaluronidase seem to rule out 
the possibility that the distinctive reactions, at least of region A, are due to hyalu- 
ronic acid or anything very closely related to it. 

Similar findings with respect to the PAS reaction, toluidine blue metachro- 
masia, and hyaluronidase treatment have been reported for the Japanese newt, 
Triturus pyrrhogaster, by Kambara (1956a, 1956b, 1957a, 1957b). Due to lack of 
certainty as to corresponding regions in oviducts of the two species, it is not possible 
to make more than a rough comparison of our results with those of Kambara, but 
our results show strong general agreement with his. 

The most probable conclusion to be drawn, at present, from the findings of 
distinctive reactions along the oviduct is that the differential staining is due to the 
presence of acid polysaccharide in regions A, B, and D only, with the positive PAS 
reaction of regions C and FE due perhaps to neutral polysaccharide. However, 
quantitative differences alone might account for the results. Since PAS positivity 
and strong metachromasia do not tend to coexist, it is worthwhile to note the sug- 
gestion of Hale (1957), that the combination may be caused by the presence of two 
distinct substances. Our evidence, coupled with evidence from studies on the 
chemistry and physiology of egg jellies themselves (Immers and Vasseur, 1949; 
Vasseur. 1952 > Kelly, 19545 Mingant. 1955; Ritnustrom and Immers 1956) 
leads to the conclusion that the metachromasia and alcian blue positivity of regions 
A, B, and D are probably due to the presence of a heparin-like compound. If this 
is the case, and if, as seems quite probable, the innermost layer secreted about the 
egg contains the substance, it may very likely have significant effects upon the 
physiology of the maturing oocyte. The effects of heparin and heparin-like com- 
pounds on the physiology of cells, especially egg cells, have been studied for years, 
particularly by Heilbrunn and his co-workers (see Heilbrunn, 1956, for references). 
In addition, one of us (Humphries, 1955, 1958) has obtained results which have 
led to the hypothesis that the oviducal jelly plays an important role in the natural 
blockage of the second meiotic division in the oocyte prior to fertilization. Oocytes 
never exposed to oviducal jelly, such as coelomic eggs and eggs stopped experi- 
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mentally in the ostial (non-secreting) part of the oviduct, are capable of completing 
meiosis, while eggs exposed to jelly have in no case been seen to advance beyond 
the normal stage of blockage, metaphase II. It is perhaps significant that as the 
oocyte enters the first secreting portion of the oviduct it 1s completing the first 
meiotic division or beginning the second (Humphries, 1956). One of the possible 
explanations of the meiotic blockage is that the oviduct secretes an antimitotic 
substance. This possibility led to the present study of the histochemistry of the 
oviduct, with the aim of gaining information concerning the secretions of particularly 
the more anterior regions. Since heparin-like substances have been shown to act as 
antimitotics (see especially Heilbrunn, 1956, and Heilbrunn ef al., 1957), the dis- 
covery that oviducal region A apparently produces a heparin-like compound is in 
good agreement with the hypothesis. If this type of antimitotic is involved, how- 
ever, it is surprising that blockage of the division occurs at metaphase, rather than 
prior to spindle formation. 


SUMMARY 


1. Application of some techniques of polysaccharide histochemistry to the oviduct 
of the newt showed a histochemical differentiation of the secretory epithelium cor- 
responding to the grossly and histologically demonstrable zonation of the oviduct. 
All regions responded positively to the PAS technique. No difference was detected 
in sections previously exposed to glycogen digestion methods. Regions designated 
A, B, and D were metachromatic with toluidine blue and reacted positively to alcian 
blue. 

2. The most probable explanation of the differences in staining reaction seems 
to be the presence of an acid polysaccharide, probably a heparin-like compound, in 
regions A, B, and D, and its absence (or much lower concentration) in regions C 


and E. 
3. The possible significance of the findings relative to the physiology of the 
oocyte, particularly with regard to meiotic blockage, is discussed. 
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